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Abstract: in this paper the questions of extremal shift method application for solution of some reconstruction
and dynamic systems control problems are discussed; in particular, the algorithm of unknown input reconstruction
in linear system at some phase coordinates measuring is shown.
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Î ÏÐÎÅÊÒÅ ÏÀÐÀËËÅËÜÍÎÉ ÊÎÌÏÜÞÒÅÐÍÎÉ ÀËÃÅÁÐÛ 1

c© Ã.È. Ìàëàøîíîê

Êëþ÷åâûå ñëîâà: ïàðàëëåëüíàÿ êîìïüþòåðíàÿ àëãåáðà; ñòðîåíèå êëàññîâ; ñòðóêòóðû äàííûõ; âíåøíÿÿ
ïàìÿòü.

Àííîòàöèÿ: Îïèñûâàåòñÿ íîâûé ïðîåêò ïàðàëëåëüíîé êîìïüþòåðíîé àëãåáðû; äâå ãëàâíûå îñîáåííî-
ñòè ýòîãî ïðîåêòà - ýòî íîâàÿ ñòðóêòóðà êëàññîâ è íîâûå ñòðóêòóðû äàííûõ, êîòîðûå ïðåäíàçíà÷åíû äëÿ
õðàíåíèÿ äàííûõ âî âíåøíåé ïàìÿòè; îñîáîå âíèìàíèå óäåëÿåòñÿ ïàðàëëåëüíîìó ÿäðó ñèñòåìû.

1. Ââåäåíèå
Îäíîé èç î÷åíü âàæíûõ çàäà÷, ñòîÿùèõ ñåãîäíÿ ïåðåä ÷åëîâå÷åñòâîì, ÿâëÿåòñÿ çàäà÷à ñîõðà-
íåíèÿ è ïðèìåíåíèÿ íàêîïëåííûõ çíàíèé. Â ïåðâóþ î÷åðåäü ýòî îòíîñèòñÿ ê åñòåñòâîçíàíèþ è
òåõíè÷åñêîìó çíàíèþ.

Êàê èçâåñòíî, ÿçûêîì åñòåñòâîçíàíèÿ, à âìåñòå ñ íèì è âñåãî òåõíè÷åñêîãî çíàíèÿ, ÿâëÿåòñÿ
ìàòåìàòèêà. Ïîýòîìó ãëàâíîé çàäà÷åé âñåé òîé êîìïüþòåðíîé íàóêè, êîòîðàÿ îðèåíòèðîâàíà íà
åñòåñòâîçíàíèå è òåõíèêó, ÿâëÿåòñÿ çàäà÷à ñîõðàíåíèÿ è ïðèìåíåíèÿ ìàòåìàòè÷åñêîãî çíàíèÿ.

Ñóùåñòâóþùèå ñåãîäíÿ ìàòåìàòè÷åñêèå ïàêåòû îòðàæàþò ñîñòîÿíèå ðåøåíèÿ ýòîé çàäà÷è
íà äàííûé ìîìåíò. Ýòè ïàêåòû äåëÿòñÿ íà äâà êëàññà � ÷èñëåííûå ïàêåòû è ñèìâîëüíûå èëè
àíàëèòè÷åñêèå ïàêåòû, êîòîðûå åùå íàçûâàþò ñèñòåìàìè êîìïüþòåðíîé àëãåáðû. Ïðèçíàííûì
ëèäåðîì â ýòîì êëàññå ñèñòåì êîìïüþòåðíîé àëãåáðû ÿâëÿåòñÿ ñèñòåìà �Mathematica� êîìïàíèè
Wolfram Research, çà íåé ñëåäóþò MAPLE, Magma, MACSYMA, AXIOM (IBM), REDUCE, CoCoA,
Macaulay, SINGULAR è äð.

1Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ïðîãðàììû "Ðàçâèòèå ïîòåíöèàëà âûñøåé øêîëû" (ïðîåêò 2.1.1/1853) è
Òåìïëàíà 1.12.09.
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×èñëåííûå ïàêåòû íàïðàâëåíû íà ïîëó÷åíèå ÷èñëåííîãî ðåøåíèÿ èíæåíåðíûõ çàäà÷. Ñè-
ñòåìû êîìïüþòåðíîé àëãåáðû íàïðàâëåíû íà ïîääåðæêó ñèñòåìû ìàòåìàòè÷åñêîãî çíàíèÿ è íà
ðåøåíèå çàäà÷ â àíàëèòè÷åñêîì âèäå. Êîíå÷íî, ñåãîäíÿ ñèñòåìû êîìïüþòåðíîé àëãåáðû ïîääåð-
æèâàþò è ÷èñëåííîå ðåøåíèå çàäà÷, îíè ñòàðàþòñÿ âîáðàòü â ñåáÿ âñå òî, ÷òî äåëàþò ÷èñëåííûå
ïàêåòû. È íàîáîðîò, ÷èñëåííûå ïàêåòû ñòðåìÿòñÿ âêëþ÷èòü àíàëèòè÷åñêèå âû÷èñëåíèÿ.

Ñîâðåìåííûå ñèñòåìû êîìïüþòåðíîé àëãåáðû ðàçðàáàòûâàëèñü äëÿ îäíîïðîöåññîðíûõ ÝÂÌ,
è èõ àðõèòåêòóðà îðèåíòèðîâàíà íà ïîñëåäîâàòåëüíûé ïðîöåññ âû÷èñëåíèé. Åñëè ñðàâíèâàòü èõ
ñ ÷èñëåííûìè ïàêåòàìè, òî îíè ñóùåñòâåííî ïðîèãðûâàþò ïî ìàñøòàáàì çàäà÷, êîòîðûå ìîãóò
áûòü ðåøåíû.

Ñóùåñòâåííûì äîñòèæåíèåì ÿâëÿþòñÿ ÷èñëåííûå ïàêåòû LAPAC è ScaLAPAC, êîòîðûå ïîä-
äåðæèâàþò ÷èñëåííûå áèáëèîòåêè ïðîöåäóð äëÿ çàäà÷ ëèíåéíîé àëãåáðû è êîòîðûå îðèåíòè-
ðîâàíû íà ïðîâåäåíèå âû÷èñëåíèé íà ñóïåðÝÂÌ. Îäíàêî äëÿ ìàñøòàáíûõ çàäà÷, ðåøàåìûõ íà
ñóïåðÝÂÌ, ãëàâíàÿ ïðîáëåìà ÷èñëåííûõ âû÷èñëåíèé � ïðîáëåìà íàêîïëåíèÿ îøèáîê, ïðîÿâëÿ-
åòñÿ åùå ñèëüíåå.

Íåîáõîäèìî ñîçäàíèå ñèñòåìû êîìïüþòåðíîé àëãåáðû, êîòîðàÿ áûëà áû îðèåíòèðîâàíà íà
ïàðàëëåëüíûå âû÷èñëåíèÿ ñ ïðèìåíåíèåì ñóïåðÝÂÌ.

2. Ïåðâûé ïðîåêò ïàðàëëåëüíîé êîìïüþòåðíîé àëãåáðû

Â òå÷åíèå ïÿòè ëåò ðàáîòà ïî ñîçäàíèþ ñèñòåìû ïàðàëëåëüíîé êîìïüþòåðíîé àëãåáðû âåäåòñÿ â
Òàìáîâñêîì óíèâåðñèòåòå. Áûëà ïîëó÷åíà áîëüøàÿ êîëëåêöèÿ êëàññîâ äëÿ îñíîâíûõ îáúåêòîâ,
òàêèõ êàê ÷èñëà, ïîëèíîìû, ìàòðèöû, ôóíêöèè. Áûëî ïðîâåäåíî áîëüøîå ÷èñëî ýêñïåðèìåíòîâ
êàê íà 16-ïðîöåññîðíîì Myrinet êëàñòåðå Òàìáîâñêîãî óíèâåðñèòåòà, òàê è íà 4000-ïðîöåññîðíîì
êëàñòåð Ðîññèéñêîé àêàäåìèè íàóê (Joint Supercomputer Center JSCC), áëàãîäàðÿ ñîòðóäíè÷åñòâó
ñ ýòîé îðãàíèçàöèåé è ñ Èíñòèòóòîì ñèñòåìíîãî ïðîãðàììèðîâàíèÿ ÐÀÍ.

Ýòè ýêñïåðèìåíòû ïðîäåìîíñòðèðîâàëè âîçìîæíîñòè êëàñòåðîâ ïîëó÷àòü óñêîðåíèÿ äëÿ îïå-
ðàöèé ìàòðè÷íîãî è ïîëèíîìèàëüíîãî óìíîæåíèÿ áîëåå ÷åì íà 70%, à óñêîðåíèÿ äëÿ ìàòðè÷íûõ
îïåðàöèé îáðàòíîãî îòîáðàæåíèÿ � áîëåå ÷åì íà 30%. Ìû ñ÷èòàåì, ÷òî óñêîðåíèå ðàâíî 100%,
åñëè ðåàëüíîå âðåìÿ äëÿ âûïîëíåíèÿ íåêîòîðîé îïåðàöèé óìåíüøàåòñÿ â n ðàç ïðè óâåëè÷åíèè
÷èñëà ïðîöåññîðîâ â êëàñòåðå â n ðàç. Äëÿ òåõ æå áëîêîâ àëãîðèòìà, ãäå èñïîëüçóåòñÿ CRT
ïàðàëëåëèçì, óñêîðåíèå ìîæåò ïðèáëèæàòüñÿ ê ñâîåìó òåîðåòè÷åñêîìó ïðåäåëó � 100%.

Ðàçðàáîòàííûå ïàêåòû ïðîãðàìì è ýêñïåðèìåíòû ïîêàçûâàþò âîçìîæíîñòü óñïåøíîãî ñîçäà-
íèÿ ïàðàëëåëüíîé ñèñòåìû êîìïüþòåðíîé àëãåáðû. Òàêàÿ ñèñòåìà ìîæåò áûòü äåéñòâèòåëüíî
ýôôåêòèâíîé, åñëè ðàçâèâàòü çàëîæåííûå â ýòèõ ïàðàëëåëüíûõ ïðîãðàììàõ èäåè.

Ñ äðóãîé ñòîðîíû, íàçðåëà íåîáõîäèìîñòü ïåðåñìîòðà ñâîäà ñîçäàííûõ ïðîãðàìì. Ýòî ñâÿçàíî
ñ äâóìÿ ïðîáëåìàìè.

Ïåðâàÿ ïðîáëåìà � ýòî ïðîáëåìà íàëè÷èÿ óñëîæíåííîé êëàññîâîé ñòðóêòóðû. Ñ ñàìîãî íà-
÷àëà áûëà âûáðàíà ñòðàòåãèÿ íà ñîçäàíèå íåçàâèñèìûõ ÷èñëîâûõ êëàññîâ íàä ïðîñòûìè òèïàìè
äàííûõ. Ýòî áûëî ñäåëàíî â ñâÿçè ñ òåì, ÷òî ïðè ýòîì ïðåäïîëàãàëñÿ âûèãðûø âî âðåìåíè âû-
÷èñëåíèé. Äëÿ ýòîãî ïðèõîäèëîñü èìåòü êîïèè ìíîãèõ àëãîðèòìîâ äëÿ ðàçíûõ ÷èñëîâûõ êîëåö.
Íî êàê ïîêàçàëè ïîçæå ýêñïåðèìåíòû ñ íîâûìè âåðñèÿìè îïåðàöèîííûõ ñèñòåì, áîëüøîãî âûèã-
ðûøà îò ïîâñåìåñòíîãî èñïîëüçîâàíèÿ ïðîñòûõ òèïîâ äàííûõ âìåñòî îáúåêòîâ íå ïðîèñõîäèò.

Âòîðàÿ ïðîáëåìà � ýòî íåîáõîäèìîñòü èñïîëüçîâàíèÿ áîëüøèõ è ñâåðõáîëüøèõ îáúåêòîâ äàí-
íûõ. Èçíà÷àëüíî æå êàæäûé îáúåêò, êîòîðûé ñîçäàâàëñÿ âî âðåìÿ âû÷èñëåíèé, äîëæåí áûë
ïîìåùàòüñÿ öåëèêîì â îïåðàòèâíóþ ïàìÿòü. Íî äëÿ áîëüøîé êëàñòåðíîé ìàøèíû íóæíî èìåòü
îáúåêòû, êîòîðûå èìåþò ãîðàçäî áîëüøèé îáúåì. Òîëüêî â ýòîì ñëó÷àå ìîæíî áóäåò èñïîëüçî-
âàòü âñå ïðåèìóùåñòâà êëàñòåðíîé ìàøèíû.
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3. Íîâûé ïðîåêò
Âñå ýòî ïðèâåëî ê òîìó, ÷òî â êîíöå 2008 ãîäà ñòàë ðàçðàáàòûâàòüñÿ íîâûé ïðîåêò ïàðàëëåëüíîé
êîìïüþòåðíîé àëãåáðû. Äâå ãëàâíûå îñîáåííîñòè ýòîãî ïðîåêòà - ýòî íîâàÿ êëàññîâàÿ ñòðóêòóðà
è íîâûå ñòðóêòóðû äàííûõ, êîòîðûå ïðåäíàçíà÷åíû äëÿ õðàíåíèÿ âî âíåøíåé ïàìÿòè.

ÊËÀÑÑ ÑÊÀËßÐÎÂ
Ãëàâíûé àáñòðàêòíûé êëàññ â íîâîì ïðîåêòå - ýòî êëàññ Scalar. Àáñòðàêòíûå ìåòîäû â äàííîì

êëàññå ïðåäíàçíà÷åíû äëÿ çàäàíèÿ âñåõ âîçìîæíûõ îïåðàöèé ñî ñêàëÿðàìè.
Ñóùåñòâóþò ìåòîäû: add, subtract, multiply, divide, power, GCD, extendedGCD, mod, modInvers,

modPower, divideAndRemainder, random, ñåìåéñòâî ìåòîäîâ òèïà valueOf, êîòîðûå ïðåäíàçíà÷åíû
äëÿ ñîçäàíèÿ îïðåäåëåííûõ òèïîâ ñêàëÿðîâ. Â ýòîì êëàññå íåò äèíàìè÷åñêèõ ïîëåé.

Íàñëåäíèêàìè êëàññà ñêàëÿðîâ ÿâëÿþòñÿ êëàññû, êîòîðûå îáðàçóþò íåñêîëüêî ïîäìíîæåñòâ.
Ñóùåñòâóþò ïîäìíîæåñòâà ÷èñåë, ïîëèíîìîâ, ðàöèîíàëüíûõ ôóíêöèé è òðàíñöåíäåíòíûå ôóíê-
öèé.

×ÈÑËÎÂÛÅ ÊËÀÑÑÛ
Âñåãî èìååòñÿ 12 êëàññîâ äëÿ ÷èñåë.
Ñóùåñòâóåò 6 òî÷íûõ ÷èñëîâûõ êëàññîâ è 6 ïðèáëèæåííûõ ÷èñëîâûõ êëàññà. Íàáîð òî÷íûõ

÷èñëîâûõ êëàññîâ ñîñòàâëÿþò êëàññû Z, Q, Cz, Cq, Zp è Zp32. Çäåñü îáîçíà÷åíî:
Z � öåëûå ÷èñëà;
Q � ðàöèîíàëüíûå ÷èñëà;
Cz = {a + ib : a, b ∈ Z, i2 = −1} � êîëüöî öåëûõ êîìïëåêñíûõ ÷èñåë;
Cq = {a + ib : a, b ∈ Q, i2 = −1} � ïîëå ðàöèîíàëüíûõ êîìïëåêñíûõ ÷èñåë;
Zp = Z/pZ � ïðîñòîå ïîëå õàðàêòåðèñòèêè p;
Zp32 = Z/pZ � ïðîñòîå ïîëå, ó êîòîðîãî õàðàêòåðèñòèêà íå ïðåâîñõîäèò 231 − 1 � ìàêñèìàëü-

íîãî ïîëîæèòåëüíîãî ÷èñëà â ÷åòûðåõáàéòíîì ñëîâå. Ïîñëåäíèé êëàññ ÷èñåë ÷àñòî èñïîëüçóåòñÿ
â ïðèëîæåíèÿõ êîìïüþòåðíîé àëãåáðû, òàê êàê ïîçâîëÿåò ñóùåñòâåííî óñêîðèòü âû÷èñëåíèÿ ïî
ñðàâíåíèþ ñ Zp.

Ñóùåñòâóåò 6 êëàññîâ äëÿ ïðèáëèæåííûõ ÷èñåë: R, C, R64, C64, R128 è C128. Çäåñü ìû
èñïîëüçóåì ñëåäóþùèå îáîçíà÷åíèÿ:

R64 � ýòî ñòàíäàðòíûå 64-ðàçðÿäíûå ÷èñëà ñ ïëàâàþùåé òî÷êîé äëÿ õðàíåíèÿ ïðèáëèæåííûõ
äåéñòâèòåëüíûõ ÷èñåë;

R - ýòî ÷èñëà ñ ïëàâàþùåé òî÷êîé äëÿ õðàíåíèÿ ïðèáëèæåííûõ äåéñòâèòåëüíûõ ÷èñåë ñ
ïðîèçâîëüíîé ìàíòèññîé;

R128 - ýòî ÷èñëà ñ ïëàâàþùåé òî÷êîé äëÿ õðàíåíèÿ ïðèáëèæåííûõ äåéñòâèòåëüíûõ ÷èñåë ñî
ñòàíäàðòíîé 52-ðàçðÿäíîé ìàíòèññîé è îòåëüíûì 32-ðàçðÿäíûì ïîëåì äëÿ õðàíåíèÿ ïîðÿäêà.

Òðè êîìïëåêñíûõ êëàññà C, C64 è C128 îáðàçîâàíû èç êëàññîâ R, R64 è R128, îáû÷íûì
ïóòåì.

ÏÎËÈÍÎÌÈÀËÜÍÛÉ ÊËÀÑÑ
Êëàññ ïîëèíîìîâ ìíîãèõ ïåðåìåííûõ òîëüêî îäèí. Â çàâèñèìîñòè îò òîãî, â êàêîì èç ÷èñ-

ëîâûõ êëàññîâ íàõîäÿòñÿ êîýôôèöèåíòû ïîëèíîìîâ, ìîæåò áûòü 12 òèïîâ ïîëèíîìîâ. Ñ îäíîé
ñòîðîíû, ýòîò êëàññ ÿâëÿåòñÿ íàñëåäíèêîì êëàññà ñêàëÿðîâ, ñ äðóãîé � êîýôôèöèåíòû ïîëèíîìîâ
ÿâëÿþòñÿ ñêàëÿðàìè ëþáîãî ÷èñëîâîãî âèäà.

ÊËÀÑÑ ÄÐÎÁÅÉ
Êëàññ äðîáåé ÿâëÿåòñÿ íàñëåäíèêîì êëàññà ñêàëÿðîâ. Ó íåãî åñòü äâà äèíàìè÷åñêèõ ïîëÿ ñêà-

ëÿðíîãî òèïà äëÿ ÷èñëèòåëÿ è çíàìåíàòåëÿ äðîáè. Äî÷åðíèì êëàññîì äëÿ äðîáåé ñëóæèò êëàññ
ðàöèîíàëüíûõ ÷èñåë Q è êëàññ êîìïëåêñíûõ ðàöèîíàëüíûõ ÷èñåë Cq. ×èñëèòåëè è çíàìåíàòåëè
â êëàññå Q � ýòî öåëûå ÷èñëà òèïà Z, à â êëàññå Cq � öåëûå êîìïëåêñíûå ÷èñëà. Äèíàìè÷åñêèå
ïîëÿ â ýòèõ êëàññàõ íàñëåäóþòñÿ èç êëàññà äðîáåé.

ÊËÀÑÑ ÐÀÖÈÎÍÀËÜÍÛÕ ÔÓÍÊÖÈÉ
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Êëàññ ðàöèîíàëüíûõ ôóíêöèé ÿâëÿåòñÿ äî÷åðíèì ïî îòíîøåíèþ ê êëàññó äðîáåé. ×èñëèòåëè
è çíàìåíàòåëè ðàöèîíàëüíîé ôóíêöèè � ïîëèíîìû. Ñîáñòâåííûõ äèíàìè÷åñêèõ ïîëåé ó íåãî
íåò, à íàñëåäóþòñÿ ïîëÿ êëàññà äðîáåé.

ÊËÀÑÑ ÒÐÀÍÑÖÅÍÄÅÍÒÍÛÕ ÔÓÍÊÖÈÉ
Ýòî êëàññ êîìïîçèöèé òðàíñöåíäåíòíûõ ôóíêöèé, àðãóìåíòàìè êîòîðûõ ÿâëÿþòñÿ ïîëèíîìû.

Òàêîé êëàññ îäèí, íî òàê êàê ìîæåò áûòü 12 òèïîâ ïîëèíîìîâ, ñëåäîâàòåëüíî, âñåãî èìååòñÿ 12
òèïîâ ôóíêöèé.

Âñåãî èìååòñÿ 60 ðàçíûõ òèïîâ ñêàëÿðîâ: 12 ÷èñëîâûõ êëàññîâ è ïî 12 ðàçëè÷íûõ òèïîâ
ïîëèíîìîâ, ðàöèîíàëüíûõ ôóíêöèé è òðàíñöåíäåíòíûõ ôóíêöèé. Ïðåäñòîèò åùå ðåàëèçîâàòü
åùå îäèí ñêàëÿðíûé êëàññ � êëàññ ÷èñëîâûõ ðÿäîâ.

ÊËÀÑÑ ÌÀÒÐÈÖ
Êëàññû Matrix, Vector è Tensor äîëæíû èìåòü ñêàëÿðíûå òèïû ýëåìåíòîâ. Îñíîâíûå ìàòðè÷-

íûå ìåòîäû: adjoint, det, kernel, echelonForm, inverse. Îñíîâíûì ìåòîäîì ÿâëÿåòñÿ ðåêóðñèâíûé
áëî÷íûé ìåòîä adjDet. Ýòîò ìåòîä âîçâðàùàåò îïðåäåëèòåëü ìàòðèöû âìåñòå ñ ïðèñîåäèíåííîé
è ýøåëîííîé ìàòðèöåé. ßäðî ëèíåéíîãî îïåðàòîðà âû÷èñëÿåòñÿ èñõîäÿ èç ýøåëîííîé ìàòðèöû.
Îáðàòíàÿ ìàòðèöà âû÷èñëÿåòñÿ ñ ïîìîùüþ ïðèñîåäèíåííîé ìàòðèöû è îïðåäåëèòåëÿ.

ÑÒÐÓÊÒÓÐÛ ÄÀÍÍÛÕ ÄËß ÂÍÅØÍÅÉ ÏÀÌßÒÈ
Â íàñòîÿùåå âðåìÿ ñîçäàþòñÿ êëàññû ôàéëîâûõ ìàòðèö è ôàéëîâûõ ïîëèíîìîâ. Ýòè íîâûå

êëàññû ïîçâîëÿò õðàíèòü áîëüøèå îáúåêòû (ìàòðèöû è ïîëèíîìû), êîòîðûå íå ïîìåùàþòñÿ â
îïåðàòèâíóþ ïàìÿòü è îðèåíòèðîâàíû íà ïàðàëëåëüíûå âû÷èñëåíèÿ.

4. Çàêëþ÷åíèå
Ñîâðåìåííîå ñîñòîÿíèå íîâîãî ïðîåêòà ïîçâîëÿåò âûïîëíÿòü ïîëèíîìèàëüíûå âû÷èñëåíèÿ, âêëþ-
÷àÿ âû÷èñëåíèå áàçèñîâ ïîëèíîìèàëüíûõ èäåàëîâ ïî Ôóæåðó, ïðîèçâîäèòü íåêîòîðûå óïðîùåíèÿ
êîìïîçèöèé ôóíêöèé, âûïîëíÿòü ôàêòîðèçàöèþ ïîëèíîìîâ îäíîé ïåðåìåííîé ïî Áåðëåêýìïó, ðå-
øàòü çàäà÷è ëèíåéíîé àëãåáðû äëÿ ìàòðèö ñî ñêàëÿðíûìè ýëåìåíòàìè, ðåøàòü ñèñòåìû ëèíåé-
íûõ äèôôåðåíöèàëüíûõ óðàâíåíèé ñ ïîñòîÿííûìè êîýôôèöèåíòàìè, èñïîëüçóÿ ïðåîáðàçîâàíèÿ
Ëàïëàñà.

Ïàðàëëåëüíîå ÿäðî ñèñòåìû ñîñòàâëÿþò ïàðàëëåëüíûå àëãîðèòìû ìàòðè÷íîãî óìíîæåíèÿ è
ìàòðè÷íîãî îáðàùåíèÿ. Ïðè ýòîì, äëÿ âû÷èñëåíèÿ îáðàòíîé ìàòðèöû, âû÷èñëÿåòñÿ ïðèñîåäè-
íåííàÿ ìàòðèöû è îïðåäåëèòåëü. Îäíîâðåìåííî âû÷èñëÿåòñÿ è ýøåëîííàÿ ôîðìà ìàòðèöû. Ïî
ýøåëîííîé ôîðìå ïðîñòî ñòðîèòñÿ ÿäðî ñîîòâåòñòâóþùåãî ëèíåéíîãî îïåðàòîðà. Ñîçäàíû è àë-
ãîðèòìû ïàðàëëåëüíîãî ïîëèíîìèàëüíîãî óìíîæåíèÿ.

Ïðèìåðíî ê êîíöó 2010 ãîäà ïëàíèðóåòñÿ îðãàíèçîâàòü äîñòóï ê äàííîé ñèñòåìå äëÿ âñåõ
æåëàþùèõ ïðîèçâåñòè âû÷èñëåíèÿ íà êëàñòåðå ñ èñïîëüçîâàíèåì äàííîé ñèñòåìû ïàðàëëåëüíîé
êîìïüþòåðíîé àëãåáðû.
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Abstract: there is described a new project of parallel computer algebra; the main two features of this project
are a new class structure and a new data structure intend for storage data in external memory; a special attention
is paid to the parallel kernel of the system.

Keywords: parallel computer algebra; class structure; data structure; external memory.
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ÓÄÊ 517.9

AN ALGORITHM FOR SYMBOLIC SOLVING OF DIFFERENTIAL EQUATIONS
AND ESTIMATION OF ACCURACY 1

c© N. Malaschonok

Keywords: systems of di�erential equations; Laplace transform; preassigned accuracy.
Abstract: An algorithm for solving systems of di�erential equations, based on Laplace transform method is

produced. An algorithm to compute the error of calculations su�cient to obtain the preassigned accuracy of
solution of linear di�erential equations system is included.

An algorithm for solving systems of di�erential equations, based on Laplace transform method is
produced. There considered ordinary linear di�erential equations with constant coe�cients, nonzero
initial conditions and right-hand parts as composite functions, reducible to the sums of exponents with
the polynomial coe�cients.

An algorithm to compute the error of calculations su�cient to obtain the preassigned accuracy of
solution of linear di�erential equations system is included.

Present-day computer systems provide an equipment for solving of di�erential equations. If they deal
with numerical methods, there many algorithms to estimate an error of obtained approximate solutions.
If it concerns symbolic algorithms it can hardly be found many attempts to �nd such estimations as it
is customary to presume an exact character of analytic solving. But nearly each symbolic algorithm of
solving contains numerical components or is based on approximation of participating functions or other
mathematical structures by series, products, sequences, etc. It is necessary to guarantee an adequate
accuracy in this case as well.

An algorithm, which is produced in this article, is based on the application of the Laplace transform
method for solving di�erential equations systems. This method provides the symbolic character of
computations. However there exists a fragment of numerical calculations. It concerns the computing

1Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ïðîãðàììû "Ðàçâèòèå ïîòåíöèàëà âûñøåé øêîëû" (ïðîåêò 2.1.1/1853).
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